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Abstract 
CU II hydroxide, (Cu(OH )2) a fungicide, produ ces injury as 
a result of"chemical bum" or phytotoxicity on some plants. Scan-
ning electron microsco py and energy dispersive X-ray analysis 
were used to characterize chlorosis on red maple leaves follow-
ing foliar applications of Cu(OH )z. Copper was loca ted with 
X-ray mapping in foliar meso phyll cells of trees sprayed with 
Cu(OH)z but not in leaves of trees sprayed with distilled H20. 
Keywords: Phytotoxicity, diagnosis, plant stress, abiotic disease, 
cupri c hydroxid e, fungicide distribution . 
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Introduction 
Phytotoxicity or injur y often acco mpanies the application of 
pesticides to plants. These injuri es are known to vary in form 
and degree and are influenced by the developmental stage of 
the target plant , the species or cultivar, and by other environ-
mental conditions (8) . Some pesticides may affect photosynthesis 
and respiration and may frequently reduce fruit production and 
quality (1). 
Injur y from pesticides is diffi cult to diagnose acc urately and 
usually requir es more than symptom recog nition on injured 
plants. Knowledge of site situations, growth conditions, previous 
pesticide applications, amounts and conditions under which they 
were applied should ass ist diagnosis (8). Many pesticides in-
duce injury to plants and cause symptoms that mimic infectious 
diseases such as those caused by fungi, bacteria, viruses (8) 
or other abiotic stresses (2). 
Cupric hydroxide, Cu(OH)2 , is a fungicide commonly used 
to control fungal and bacterial foliar diseases (10) . Phytotoxicity, 
in the form of marginal necros is, is the result of Cu(OH)z treat-
ment on several nursery crops (7). Ayer and Barden (I) found 
that Cu(OH )2 can limit net photosynthes is of apple leaves. Cu 
interferes with protein synthes is (I) , causes an increase in so lu-
ble nitrogen compounds (3) and has been found to attack phos-
phatases in Agrostic tenuis (9). Conventional techniqu es using 
light microscopic examination or standard chromatograph proce-
dur es are usually ineffective diagnostic methods (11). The pur -
pose of this paper is to demonstrate an objective method for 
detecting phytotoxicity induced by Cu(OH)z. 
Material s and Method s 
Plant Material 
Twenty I-year-old Acer rubrum L. "Scarlet Sentinel" ramets 
were potted in a soil-peat-perlite (2:2:1, v/v/v) mixture in 25 
cm diameter plastic pots and grown in a greenhouse. All plants 
were watered as needed and fertilized biweekly with nitrogen / 
phosphorus/potassium in a ratio of 20/8.6/16.6. Moisture and light 
conditi ons were not monitor ed . 
Spray Treatment 
Ten control trees were sprayed 6 times with doubl e deioniz ed 
H20 at 14 day intervals. Cu (OH )z, applied as Kocide 101, 50W 
(Kocide Copp er Co.) was sprayed 6 time s on the ten other trees 
at the rate of 1.84 g/1. Fungicide treatments were applied to runoff 
with a pressurized sprayer operated at 2 .1 kg/cm 2(30 psi) . 
Electron Microscopy 
Mature leaves with a pla stochron leaf age of 10 (6) were 
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sampled 18 hour s after eac h trea tment for analysis by sca nning 
electron microscopy (SEM) and energy disper sive x-ray analysis 
(EDX). Twenty fresh , hydrat ed and dehydrat ed leaf spec imens 
from eac h treatment were mounted on carbon planch ets with 
graphite adhesive and attac hed to aluminum stub s. Cross-
sections were obtained by cutting the leaves with razor blades. 
To determine if beam and vacuum-induced artifact s were pre-
sent in hydrated specimens , similar sample s were fixed , de-
hydra ted and cr itically-point-dried acco rding to Krause (5) and 
mounted on ca rbon planchets. All samples were placed on a 
rotating, tilting stage within a vacuum evaporator and coa ted with 
carbon. They were subsequently exami ned with a Hitachi S-500 
SEM equipped with a co ld stage (@- 180C) to reduce heat arti-
facts durin g examination. The SEM was also equipped with a 
Tracor Northem-2000 EDX , employing a semi-quantitative iden-
tification program , a continuum subtraction program and digital 
beam control hardwa re with X-ray mapping progra ms. 
The SEM was operated at 25 kV, tilt angle of 30 °, take off 
angle of 61°, 400 sec of exposure and mapping at O.Q1 sec/point 
using the x-ray display program from the manufactur er. Speci-
men preparation procedure s are outlined in Figure 1. 
Results and Discussion 
Red maple leaves sprayed with H20 did not exhibit lesio ns 
or necros is but appea red turgid and vigoro us as shown in Figure 
2 (top leaf). For brevity and a reduction in the number of figures 
either micrographs of unfi xed, hydrated specime ns or micro-
graphs of fixed , dehydrated specimens, (but not both) are used 
to describe the results of thi s experim ent. Minor probl ems of 
surface structure co llap se occurred in unfi xed, hydra ted speci-
mens. When examined with SEM, top hydrated leaf sur faces 
had smooth epicuticular wax (Figure 3) and were similar to those 
described by Krause (4). Botto m hydrated surfa ces (Fig ure 4) 
sprayed with H20 had downy-like epic uticular wax with turgid , 
convex epider mal ce lls. EDX analysis revea led occas ional par-
ticles containing silicon (Si) and calc ium (Ca). Figure 5, a cross-
sect ion from a dehydrated leaf, showed various ce ll types as 
noted by Krau se (5). Figure 6 shows a typ ical EDX spectru m 
from an A. rubrum lea f that was sprayed with H20. En-
dogenous elements were pre sent as follows : Mg , Si , P, S, Cl,K, 
Ca and Fe. There were no obvious differences between the 
elemental com pos ition of various ce ll types in the leaf. 
Marginal necros is began to be visible after two weeks on leaves 
sprayed with Cu(OHh, as shown at the bottom of Figure 2. 
Partic les of Cu detected with SEM and EDX (Figures 7- 15) on 
upper hydrat ed surfac es were uniforml y distribut ed on leaves 
sprayed with Cu(OH)z. Crystals were dispersed as shown in 
Figure 7. EDX indicated that Cu was pres ent in the crysta ls as 
noted by the typi ca l spectrum in Figure 8. X-ray dot mappin g 
(Figure 9) verifi ed the pre sence of Cu in the crystals . Aggre-
gated crysta ls of Cu were visualized on the lower surfa ces of 
leaves (see arrows in Figure 10) sprayed with Cu(OH)z. Closer 
observation (Figure 11) indicated that these particle s were loosely 
arranged and did not appear to be single, large crystals, but many 
smaller particle s. Cu was detected in particle s by EDX dot map-
ping (Figure 12). The variation in distribution of Cu between 
upper and lower surface s and the difference in the texture of 
the epicuticular wax configuration are noteworthy . Perhap s the 
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Figure 1. Specimen preparation procedures used in this 
study. 
When 20 dehydrated leaf cross-sec tions from areas of marginal 
necros is were examined with SEM (Figure 13), Cu was detected 
in mesophyll ce lls in all sectio ns as noted by a typica l spec trum 
(Figure 14) and X-ray dot mapping (F igure 15). X-ray analysis 
of non-necrot ic areas failed to show the presence of CU. 
Cu toxicity expresse d as marginal chloros is appears to be 
related to the presence of Cu as detected by EDX. This is the 
first study to relate macrosco pic symptom s with the prese nce 
of phytotoxicants , name ly Cu, and to visualize the agent in par-
ticular ce ll types, name ly leaf mesophyll cells. Future studi es 
will attem pt to define the mode of action of Cu toxicity. Further 
definition of the role of Cu toxicity to specifi c organelles can 
be accomplished with scannin g transmiss ion elec tron micros-
copy on sec tions of affec ted leaf tissue . 
Ment ion of a trademark or proprietar y produc t does not constitut e a 
guara ntee or warranty of the product by the U.S. Department of Agr icu lture 
and doe s not imply its approva l to the exclusion of other produc ts that may 
also be suitabl e . 
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Figure 2. Top, red maple leaf sprayed with H20. Bottom, 
leaves sprayed with Cu(OH)2 showing marginal necrosis. 
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Figures 3-5. Scanning electron micrographs of unfixed, 
hydrated red maple leaves sprayed with H20. Figure 3. Up-
per surface with smooth epicuticular wax (bar=50tLm). 
Figure 4. Bottom surface with downy-like epicuticular wax 
(bar = 50/Lm). Figure 5. Cross-section showing various cell 
types (bar=50/Lm). Figure 6. Typical spectrum from H20-
sprayed A. rubrum, leaf showing the endogenous elements 
Mg, Si, P, S, Cl, K, Ca and Fe. 
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Discussion with Reviewers 
A.L. Granett: What differen ces did you find in leaves exam-
ined at diff erent time s after sprayin g? 
Author: Injur y was expressed as marginal necros is two weeks 
after the first spraying and symptoms became progressively more 
seve re . 
A.L. Granett: Were there any notable sur face diff ere nces in 
Cu distribution betwee n necrotic and non-necro tic a reas? 
Author: Copper crysta ls were evenly distributed on the surfaces 
of nec rotic and non-necrot ic areas. I feel that necros is was related 
to the Cu penetrati on into meso phyll ce lls. 
A.L. Granett: Would Cu di stributi on be affec ted if a wetting 
age nt was present in the spray ? 
Author: I repea ted the experim ent with a wetting age nt and did 
not observe any sig nifi ca nt differences in Cu distribution. 
A.L. Granett: Was any Cu detected in and around stoma ta? 
Author: Cu crys ta ls were not co nce ntrated aro und guard ce lls 
even thou gh so me Cu appea red to be random ly distributed near 
stomata. 
R.H. Falk: Is the author aware of the profound difficulties asso -
ciated wi th X-ray microanalysis studi es of co nventionall y pre-
pared tissue and frozen hydrat ed tissues? 
Author: Yes, I am aware that art ifacts can creep into the analysis 
described in thi s pap er. However , in thi s stud y, I em phas ized 
two preparation tec hniqu es that co rrob ora ted the res ults. Other 
cryogenic methods (i.e. , freeze substitution , freeze drying , etc .) 
that would further sub stantiate my result s were not availabl e . 
In researc h we all must work under some co nstra ints. 
L.W. Kress: Did leaves sampled near the end of the exper iment 
receive multipl e spray ings or were they leaves that deve loped 
late r in the experiment? 
Author: Leaves sa mpl ed and anal yze d in the exper iment re-
ce ived several sprayin gs of Cu(OH) 2 . 
L.W. Kress: Was the amount of Cu dete cted ins ide the leaf 
related to the number of spray ings and was it quantified ? 
Author: 1 didn't at tempt to co rre late the number of sprayings 
with the amount of Cu detect ed inside the leaf. 
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Figures 7-15. Red maple leaves sprayed with Cu(OH) 2• 
Figure 7. Particles detected on upper surface, note uniform 
distribution. Figure 8. An energy dispersive X-ray (EDX) 
spectrum of the hydrated upper surfaces of the specimen 
of Figure 7 indicating the presence of Cu and other elements. 
Figure 9. X-ray dot map of Figure 7 showing actual Cu dis-
tribution in the particles. 
Figures 10,ll. Lower hydrated surface showing a crystal 
identified as Cu with EDX. 
Figure U. X-ray dot map of Cu present in the particle of 
Figure ll. 
Figure 13. Cross-section from areas of marginal necrosis ob-
tained with a razor blade. Figure 14. EDX spectrum of cross 
section of Figure 13 (note predominance of Cu). Figure 15. 
X-ray dot map of Cu present in cross-section of leaf that ex-
hibited marginal necrosis (Figure 13). Figures 7 and 10, 
bars=S0µm. Figures ll and 13, bars=Sµm. 
A.L. Granett: Could the differences in Cu distribution between 
upper and lower leaf surfaces depend on the method of spraying 
or grav itation al forces? 
Author: I sprayed plants "to run off' so I don't feel the spray 
method influ enced particle size or deposition. Since a separate 
exper iment wasn't perfor med to tes t grav itational forces, I don't 
know if it was a signifi cant factor. 
G.M. Roomans: Were hydrated speci mens slowly coo led on the 
stage or were they rapidly frozen befo re plac ing them on the 
stage? 
Author: Hydra ted spec imens were slowly cooled without ice 
crysta l form atio n but with occasio nal charging. 
G.M. Rooman s: Didn 't the ex tremely rough surfac es of leaf 
cross-sectio ns crea te interpretation problems in terms of X-ray 
absorp tion and take-off angles? 
Author: Since irregular sur faces can induce artifacts into EDX 
studies , 1 have performed add itiona l tests to reso lve thi s que s-
tion. First , co unt rates stayed appro ximat e ly the same as I took 
spec tra at decreasi ng magnifications (10,000 , 8,000 , 6,000) of the 
same rastered areas. This data indicates that the dark areas in 
the X-ray digi tal map were valid and void of characteristic Cu 
X-rays. Second , using the sa me rastered area the sample was 
rotated 5° and 10° without appreciable increase in counts. 
D.M.R. Harvey: What are the po ssibilitie s of surface particle 
redistribution during preparation ? 
Author: Surfa ce particle redistribution was a definite concern 
and was the primary reason that I used unfixed , hydrated samples 
for particle deposi tion analysis . 
G.M. Roomans: How do you know that you only analyzed 
mesophyll cells for Cu in term s of spatial resolution ? 
Author: While X-ray spatial resolution wasn't determined in this 
study, I feel co nfident that only mesophyll cells contained Cu , 
since analysis of vascular and epidermal tissue didn 't yield Cu . 
Foliar Penetration of Fungicide 
815 

